The Rayleigh-Taylor instability of a partially ionized plasma in a porous medium is considered in the presence of a variable magnetic field perpendicular to gravity. The cases of two uniform partially ionized plasmas separated by a horizontal boundary and exponentially varying density, viscosity, magnetic field and neutral particle number density are considered. In each case, the magnetic field succeeds in stabilizing waves in a certain wave-number range which were unstable in the absence of the magnetic field, whereas the system is found to be stable for potentially stable configuration/stable stratifications. The growth rates both increase (for certain wave numbers) and decrease (for different wave numbers) with the increase in kinematic viscosity, medium permeability and collisional frequency. The medium permeability and collisions do not have any qualitative effect on the nature of stability or instability.
Introduction
A comprehensive account of the Rayleigh-Taylor instability under various assumptions of hydromagnetics has been given by Chandrasekhar [1] . More often than not, a partially ionized plasma represents a state which exists in the universe, and there are several situations in which the interaction between ionized and neutral gas components becomes important in cosmic physics. Strömgren [2] has reported that ionized hydrogen is limited to certain rather sharply bounded regions in space surroundings, for example 0-type stars and clusters of such stars, and that the gas outside these regions is essentially non-ionized. Other examples of such situations are given by Alfven's [3] theory of the origin of the planetary system, where a high ionization rate is suggested to appear from collisions between a plasma and a neutral gas cloud and by the absorption of plasma waves due to ion-neutral collisions such as in the solar photosphere and chromosphere and in cool interstellar clouds (Piddington [4] , Lehnert [5] ). Following Hans [6] , the medium may be idealized as a mixture of a hydromagnetic (ionized) component and a neutral component, the two interacting through mutual collisional (frictional) effects. Hans [6] and Bhatia [7] have shown that the collisions have a stabilizing effect on the Rayleigh-Taylor instability. The magnetic field has been considered to be uniform in the above studies. Generally the magnetic Reprint requests to Prof. R. C. Sharma, Department of Mathematics, Himachal Pradesh University, Summer Hill, Shimla-171005/India. field has a stabilizing effect on the instability, but there are a few exceptions also. For example, Kent [8] has studied the effect of a horizontal magnetic field which varies in the vertical direction on the stability of parallel flows and has shown that the system is unstable under certain conditions, while in the absence of a magnetic field the system is known to be stable. The medium has been considered to be non-porous in all the above studies.
Generally, it is accepted that comets consist of a dusty 'snowball' of a mixture of frozen gases which in the process of their journey changes from solid to gas and vice versa. The physical properties of comets, meteorites and interplanetary dust strongly suggest the importance of porosity in astrophysical context (McDonnel [9] ). In stellar interiors and atmospheres, the magnetic field may be (and quite often is) variable (and nonuniform) and may altogether alter the nature of the instability. Often, the plasma is not fully ionized and may be mixed with neutral atoms, and so collisional effects are important. The present paper deals with the Rayleigh-Taylor instability of a partially ionized plasma in a porous medium in presence of a variable magnetic field perpendicular to gravity. The problem is relevant and important in several situations of geophysics and astrophysics.
Perturbation Equations
Here we consider an incompressible layer consisting of an infinitely conducting ionized (hydromag-0932-0784 / 92 / 1200-1227 $ 01.30/0. -Please order a reprint rather than making your own copy. netic) fluid of density g, mixed with neutrals of density £? d , arranged in horizontal strata and acted on by a variable horizontal magnetic field H(H 0 (z), 0, 0) and a gravity force g(0, 0, -g). Assume that both the ionized and neutral components behave like continuum fluids and that the effects on the neutral component result from the presence of the magnetic field, gravity and pressure being neglected. This composite plasma layer is assumed to be flowing through an isotropic and homogeneous porous medium of porosity e and medium permeability k x .
The hydromagnetic equations governing the motion of the composite plasma through porous medium are dq 1
(1)
where g, p and q (u, v, w) denote respectively the density, pressure and velocity of the hydromagnetic fluid.
ffd' * c' h ciiiva j J i e aiciiiu iui ino »wuwi) VJI uic utuuai component, the mutual collisional (frictional) frequency between the two components of the composite medium, the viscosity of the hydromagnetic (ionized) fluid and the magnetic permeability, respectively. Equations (1) and (2) represent the equations of motion and continuity for the hydromagnetic fluid whereas (3) is the equation of motion of the neutral component under the assumptions mentioned above.
Equations (4) and (5) are the Maxwell ones whereas (6) represents the fact that the density of a particle remains unchanged as we follow it with its motion. The initial stationary state whose stability we wish to examine is that of an incompressible hydromagnetic (ionized) fluid of variable density and viscosity arranged in horizontal strata permeated with neutral particles in porous medium. The system is acted on by a variable horizontal magnetic field H(H 0 (z), 0,0). Consider an infinite horizontal composite layer of thickness d bounded by the planes z = 0 and z = d. The character of the equilibrium of this initial static state is determined, as usual, by supposing that the system is slightly disturbed and then following its further evolution.
Let ög, dp, q (u,v,w) ; h(h x ,h y ,h z ) and q d denote, respectively, the perturbations in the hydromagnetic fluid density g(z), pressure p(z), velocity (0, 0, 0), magnetic field (H 0 (z), 0, 0) and neutral component velocity (0, 0, 0). Then the linearized hydromagnetic perturbation equations governing the motion of the composite plasma through porous medium are
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Analyzing the disturbances into normal modes, we assume that the perturbation quantities have an x, y, and t dependence of the form exp(ik x x 4-ik y + ni), 2 . where k Y and k v are horizontal wave numbers, k = kl + k y and n is, in general, a complex constant.
Eliminating q d between (7) and (9) and using (13), (7)- (12) gives 
n'+ ^-)gv=-ik y dp+ ^^-(ik x h y -ik y h x ),(\5)
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Two Uniform Partially Ionized Plasmas Separated by a Horizontal Boundary
Consider the case when two superposed partially ionized plasmas of uniform densities and g 2 , uniform viscosities and p 2 an d uniform magnetic fields H 0l and H 02 are separated by a horizontal boundary at z = 0. The subscripts 1 and 2 distinguish the lower and the upper fluids, respectively. Then, in each region of constant g, p, and H, (25) reduces to
The general solution of (26) 
where A and B are arbitrary constants. The boundary conditions to be satisfied here are:
i) The velocity w should vanish when z -> -oo (for the lower fluid) and z -> + oo (for the upper fluid). ii) w (z) is continuous at z = 0.
iii) The pressure should be continuous across the interface. Applying the boundary conditions (i) and (ii), we have
the same constant A being chosen to ensure the continuity of w at z = 0. 
To study the behaviour of growth rates of unstable modes with respect to viscosity, medium permeability and collisions, we examine the natures of d n n dn dn -and --analytically. Equation (44) 
It is evident from (45) that dn 0 /dv 0 may be negative or positive depending on whether the denominator in (45) is positive or negative. The growth rates, therefore, both decrease (for certain wave numbers) and increase (for different wave numbers) with the increase in kinematic viscosity. Similarly, the growth rates are found to increase and decrease with the increase in medium permeability and collisional frequency.
